Hepatocellular carcinoma is one of the majorly categorized forms of human malignancy and is the prime cause of cancer-related mortality. Transcription factors and co-factors play an important role in the cellular process performing as key regulators in the normal cell and in the cancerous cell. The present study investigates the potential interaction between the potent phytocompounds and key transcriptional factors involved in hepatocellular carcinoma (HCC) by using molecular docking studies. In the area of drug designing and development, computational modeling and simulation play a significant role. Screening of potent phytocompounds against targets by means of conventional methods is tedious and requires more time when compared to computational modeling and simulation studies. In the present study, the application of computational screening of phytocompounds against transcriptional factors was effectively used to determine their binding strength with the pythocompounds. Ten potential phytocompounds linalool, p-cymene, pelargonidin, harpagoside, 1, 8-cineole, afzelin, ginkgolide B, theophylline, bromelain and isoborneol and five transcription factors p53, AP-1, c-Myc, β-catenin and HIF-1α were selected for docking studies. The 3D structures of both phytocompounds and transcription factors were obtained from Pubchem and PDB databases respectively. Docking studies were carried out by using AutoDockVina. On evaluating the docking results, it was found that phytocompounds Harpagoside, Bromelain and Afzelin showed strong binding affinity against their targets. These phytocompounds showed the binding free energy more than 6 kcal/mol and RMSD value between 4-7 A 0 with targets and can be potential ligands against the selected targets for further molecular investigations.
INTRODUCTION
Transcription factors have a direct role in decoding the information stored in DNA. These factors mainly are key regulators or master regulators that influence and controls the specific process and patterns of development in the specific cell. 1 Transcription factor is also involved in controlling immune response pathways. 2 Differentiation of the cells are under the direct control of transcription factors which was proved in laboratory. 3 Any kind of mutations in the transcription factors or their binding sites will lead to different types of human diseases. 4, 5 Hepatocellular carcinoma (HCC) is detected in more than half a million people each year and represents the fifth most common cause of tumor mortality worldwide. 6 The mutation in the cellular level leads to uncontrolled proliferation of the cell, where the cell replicates at higher rate and ends in multiple growth causing inhibition of apoptosis. 7 Transcriptional factors plays a very vital role in regulating the cellular process in normal cell and in transformed cell i.e. malignant cell, as these key factors are involved in integrating and converting in extracellular and intracellular signaling mechanisms and hence acts as central regulators for various molecular mechanisms. It is reported that 10% of the human gene transcribes and translates into DNA-binding proteins. Most of the DNA binding proteins are involved in PHYTOCOMPOUNDS WITH TRANSCRIPTIONAL FACTORS Sushma S. Murthy and T. Bala Narsaiah transcriptional machinery by acting as transcription factors and co-factors. 8 These transcriptional factors play a very important role in molecular mechanisms in a cell for the progression of normal cell to malignant cells. In tumor cells, activation or overexpression; inactivation or dysregulation of these factors or proteins will be observed when compared to a normal cell which represents the last step in signaling pathways that affects the normal process of a cell to convert to an oncogenic manner by involving in various molecular mechanisms like proliferation, differentiation, apoptosis, senescence and migration. 9, 10 In this study, the key transcriptional factors selected are p53, AP-1, c-Myc, β-catenin and HIF-1α. These transcriptional factors in human hepatocarcinogenesis are transcriptionally dysregulated. c-Myc is a regulatory gene that codes the transcriptional factors responsible for proliferation, apoptosis and differentiation. 11, 12 β-catenin is an important structural protein which acts as a regulatory molecule in cadherin-mediated cell to cell adhesion 13 , and has vital role tissue generation and differentiation. 14 Transcription factor AP-1 is usually seen in multiple signaling pathways at the receiving end, 15 in which transcription factor (c-Jun) is involved in various cellular processes which includes cell proliferation, survival and transformation of cell. The study has reported the expression of c-Jun protein in various tissues and is a potent oncogene for different cell types and is especially significant for hepatocytes 16 . p53 gene is frequently subjected to mutations which makes it important to study its role in human cancer. p53 is not only a tumor suppressor gene but also controls various physiological processes in the cell due to its function as a transcriptional regulator, regulating downstream targeted genes. 17 Upon DNA damage p53 also plays a role in arresting G1 cell cycle. Its function in cell death and apoptosis has been validated. 18 HIF-1α is a crucial transcription factor that contributes to the tumor EMT (epithelial-mesenchymal transition) which is critical for vasculogenic mimicry (VM). VM and EMT describe elevated risk of metastasis and tumor recurrence. 19 In order to investigate the potency of phytocompounds (linalool, p-cymene, pelargonidin, harpagoside, 1, 8-cineole, afzelin, ginkgolide B, theophylline, bromelain and isoborneol) as transcriptional inhibitors which could be used in the hepatocellular carcinoma therapy, molecular docking studies were performed through Insilico approaches. This can be used as a tool for discovering a novel drug, which acts as lead molecule and can be screened from large pools of drugs and subjected to in-vitro analysis.
EXPERIMENTAL Identification and Retrieval of 3D Structure of Phytocompounds and Transcriptional Factors
The 3D structures of 10 phytocompounds were retrieved from pubchem compound database at NCBI server and KEGG Drugs databases and 3D structures of transcriptional factors obtained from PDB database 20 . The compound with a similarity threshold over 90% according to the Tanimoto's coefficients 21 and Lipinski rule 22 , were retrieved to understand the structural information for the modeling of phytocompounds. 3D structures of selected transcriptional factors were later preprocessed before their usage in Docking.
Energy Minimization
Before using 3D structures of phytocompounds, they were subjected to energy minimization using Avogadro software 23 until stable atomic conformation of each phytocompound obtained. During energy minimization, geometry of atoms is rearranged to get stable energetically favorable structure. Other than energy minimization, Avogadro software helps in building chemical structures, optimization of structures, analyzing molecule, visualizing molecule, calculating quantum mechanics and calculation of electron density.
Protein Preparation and Active Site Identification
The X-ray crystallographic structure of p53 (PDB ID: 5G4N) with resolution 1.35A 0 , AP-1 (PDB ID: 1JUN) with high resolution, c-Myc (PDB ID: 4Y7R) with resolution 1.90A 0 , β-catenin (PDB ID: 1P22) with resolution 2.95A 0 and HIF-1α (PDB ID: 5LA9) with resolution 2.81A 0 were downloaded from protein data bank (PDB). 24 Some of these structures were in complex form; these structures were prebound with ligands. Before docking, these structures were processed by removing prebound ligands and after removing prebound ligands along with water molecule, deficient hydrogen atoms were added at an appropriate position within the target. After preprocessing of target, Kollman charges were added to every atom of the protein and degree of the freedom is defined for the rotatable bond while using AutoDockTools-1.5.6. 25 Grid box was generated within every preprocessed target using Auto grid tool. The dimension of grid box was varied according to transcription factor and ligand, but in most the cases it was kept within 10-20A 0 . The average dimension of the grid box was (40A 0 X 40A 0 X40 A 0 ), it was varied slightly with grid spacing 0.375A 0 . The grid box has played a very crucial role in the recognition of active or binding sites within protein targets while performing molecular docking studies. With these changes, targets were used in the process of molecular docking to study molecular interactions between phytocompounds and targets.
Molecular Docking Studies
The site for binding in five proteins was predicted by the protocol of ligand-receptor interaction. For each and every binding site in protein, the docking of all ten ligands was done by using AutoDockTools-1.5.6. 26 After docking all the phytocompounds with each target, docking results were tabulated, three compounds depending on the cut-off values of Gibbs free energy (∆G) which is between -88 to -6.0 kcal/mol and RMSD within 4-8 A 0 were selected for further analysis. One of the important tools in computational modeling for designing drug based on its structure is Automated docking, AutoDockVina is software for molecular docking studies and for virtual screening and by procedures of multiple linear regression fitting, two scoring functional components is derived which is in a linear combination. The scoring function of Vinardo (VinaRaDii Optimized) was used in AutoDockVina. Vinardo uses Gaussian attraction in combination with quadratic repulsion. Molecular Docking interactions between transcriptional factors and docked compounds were analyzed using Discovery Studio 3.5. Based on docking score, good confirmation of each ligand was retrieved and analyzed further. 27
RESULTS AND DISCUSSION
The systematic and scientific way of small molecules docking against the active receptor site is an important tool for the discovery of novel and potent drugs. 28 The best confirmation binding site of the target molecule with its receptor is decided on its binding affinity in terms of their binding energies or their interaction energies in particular confirmation is considered as the best docking confirmation. After preprocessing of transcription factors, the binding pocket was identified and analyzed for the presence of pharmacophore. The pharmacophore within the binding pocket of p53 and β-catenin are having approximately 5-6 amino acids and pharmacophore of both the transcription factors are rich with hydrogen donors and hydrogen acceptors. Phytocompounds were successfully docked to binding pocket of both the transcription factors and interaction was depicted in Fig.-1 and Fig.-2 respectively. Similarly each of the phytocompound was docked into binding pocket of every transcription factor. During molecular docking, the docking software-generated 10 most ideal conformers for every ligand. Upon successful docking of all conformers to the binding pocket of receptor, all the conformers were ranked in a log file based on their binding free energy and RMSD values. The best-docked pose within binding cavity was selected and saved in separate pdb file. Based on binding free energy and RMSD, it was found that harpagoside, bromelain and afzelin were ideal ligands for all selected transcription factors (AP-1, β-catenin, p53, c-Myc and HIF-1α.) (Table-2 ). When all selected phytocompounds docked into the binding pocket of β-catenin and p53, it was observed that both p53 and β-catenin have binding free energy -8.8 kcal/mol and -7 kcal/mol respectively for Bromelain. The binding pocket of both p53 and β-catenin are showing hydrogen bonding at Tyr275(1HB), Arg354(1HB), Asp316(1HB), Gln526(1HB), Arg477(2HB) and Gln274(1HB) and bond length is variable in the range of 1.99A 0 to 2.78A 0 . (Fig.-4) , Glu224 (1HB), Ser227(1HB), His233(1HB), HOH2196(2HB) the bond distance 1.85A 0 to 2.67A 0 (Fig.-3) respectively. . When Harpagoside was docked AP-1 and c-Myc, resulting binding free energy was -6.0 kcal/mol, -7.2 kcal/mol respectively. The binding pocket of AP-1 was made up of Thr297 (1HB) and Arg302 (2HB), there was a hydrogen bonding between these amino acids and the ligand and bond length was in the range of 1.96A 0 -2.43A 0 (Fig.-7) . Similarly binding pocket of c-Myc was made up of Tyr131 (1HB), Lys259 (1HB) and HOH646 (1HB) and hydrogen bonding between amino acids and atoms of a ligand with the bond length 1.96A 0 -2.47A 0 (Fig.-8) . Eventually, it is reported that the third compound Afzelin as a lead compound for HIF-1α showed a binding energy of -6.3 kcal/mol when compared with other compounds (Fig.-9) and it was indicating hydrogen bonding between amino acids Lys350(1HB) and Ala351(1HB) and atoms of ligand with bond length 2.28 A 0 and 2.31A 0 respectively (Fig.-10) . 
